Objectives: Useful Field of View training (UFOVt) is an adaptive computerized cognitive intervention that improves visual attention and transfers to maintained health and everyday functioning in older adults. Although its efficacy is well established, the neural mechanisms underlying this intervention are unknown. This pilot study used functional MRI (fMRI) to explore neural changes following UFOVt. Method: Task-driven and resting-state fMRI were used to examine changes in brain activity and connectivity in healthy older adults randomized to 10 hr of UFOVt (n = 13), 10 hr of cognitively stimulating activities (CSA; n = 11), or a nocontact control (NC; n = 10). Results: UFOVt resulted in reduced task-driven activity in the majority of regions of interest (ROIs) associated with task performance, CSA resulted in reduced activity in one ROI, and there were no changes within the NC group. Relative to NC, UFOVt reduced activity in ROIs involved in effortful information processing. There were no other significant betweengroup task-based differences. Resting-state functional connectivity between ROIs involved in executive function and visual attention was strengthened following UFOVt compared with CSA and NC. Discussion: UFOVt enhances connections needed for visual attention. Together with prior work, this study provides evidence that improvement of the brain's visual attention efficiency is one mechanism underlying UFOVt.
safety (Ball, Edwards, Ross, & McGwin, 2010; Ross et al., 2016; Ross, Freed, Edwards, Phillips, & Ball, 2017) , maintained health and reduced predicted health expenditures (Wolinsky et al., 2009 (Wolinsky et al., , 2010 , reduced risk of depression (Wolinsky et al., 2015) , and maintained physical functioning in older adults (Ross, Sprague, Phillips, O'Connor, & Dodson, 2018; Smith-Ray, Makowski-Woidan, & Hughes, 2014) with effects persisting between 3 and 10 years.
Although such transfer effects have been found across multiple studies, a better understanding of the neural mechanisms underlying this training is clearly needed (see Lövdén, Bäckman, Lindenberger, Schaefer, & Schmiedek, 2010) . To our knowledge, this pilot study is the first to explore the neural changes associated with UFOVt using both task-based and resting-state functional MRI (fMRI) in a sample of healthy older adults. As there has been some criticism of control groups used in cognitive training studies (Simons et al., 2016) , this study included both a treatmentas-usual control group (no-contact control [NC] ) and an active control condition that included complex cognitively stimulating activities (CSA). The CSA were chosen based on older adults' reported expectations for activities that maintain brain health (Friedman et al., 2011 (Friedman et al., , 2013 Kim, Sargent-Cox, & Anstey, 2015) , as well as the complexity of activities included (Tranter & Koutstaal, 2008) .
Neural Correlates of Useful Field of View Training
Several studies have examined neural changes associated with a wide range of cognitive training programs (Anguera et al., 2013; Erickson et al., 2007a; Scalf et al., 2007) . However, to our knowledge, only two studies examined neural changes associated specifically with UFOVt in older adults. The first study (O'Brien et al., 2013 ) examined eventrelated potentials (ERPs) after 20 hr of Posit Science's Insight training in a sample of healthy older adults (N = 22) . Insight was a commercialized cognitive training program focused on visual processing that included UFOVt (i.e., Double Decision) as one of the available five exercises. Results indicated that N2pc and P3b component amplitudes, which typically decline with age and are involved in visual attention allocation and capacity (Lorenzo-López, Amenedo, & Cadaveira, 2008) , increased after training as compared to controls. These results suggest that the Insight program may remediate age-related visual processing deficits associated with attention allocation and capacity. The second study (Lin et al., 2016) examined changes in resting-state connectivity in the default mode network in participants with amnestic mild cognitive impairment (MCI; N = 21) after Insight training. Results indicated that 24 hr of Insight training resulted in maintained connectivity as compared to an active control group of participants with MCI whose default mode network connectivity decreased over time.
Although both of these studies provide support that UFOVt directly affected neural functioning, no study has explored how UFOVt influences functional activity and connectivity of the brain regions that are recruited for a UFOV-type task in healthy older adults (i.e., fMRI Useful Field of View Imaging Task2 [fUFOV2], see Measures). This pilot study used fMRI to examine how UFOVt affects task-specific neural responses to a visual-attention task by using a region of interest (ROI) approach across two separate sets of analyses, namely, task-based functional activity and resting-state connectivity. Based on the previous work (Lin et al., 2016; Lustig, Shah, Seidler, & Reuter-Lorenz, 2009; O'Brien et al., 2013) , we hypothesized that following UFOVt, there would be (a) reduced neural activity in brain regions involved in processing the visual-attention stimuli, as well as less reliance on regions involved in attention and cognitive control (see Dosenbach, Fair, Cohen, Schlaggar, & Petersen, 2008; Scalf et al., 2007) in the task-based set of analyses, and (b) increased resting-state connectivity among regions involved in performing the task (Lin et al., 2016) . We also predicted that there would be little change in the NC group. Finally, we predicted that given the complexity of the cognitively stimulating tasks (Tranter & Koutstaal, 2008) , the CSA group could exhibit some reduced taskbased activity and improved connectivity, although not to the same extent as the UFOVt group.
Method
Participants A total of 37 healthy community-dwelling older adults with complete data were included in these analyses. Potential participants were excluded based on the following criteria: less than 65 years of age; corrected far visual acuity worse than 20/40; less than 65% accuracy to complete fMRI task outside of scanner; evidence of potential dementia (cutoff of ≤21 on the Modified Telephone Interview of Cognitive Status [TICS-M]; de Jager, Budge, & Clarke, 2003) ; or self-reported history of dementia, multiple sclerosis, Parkinson's disease, epilepsy, muscular dystrophy, cerebral palsy, stroke or transient ischemic attack, anxiety disorder, or drug/alcohol addiction. Due to fMRI safety considerations, additional exclusion criteria were as follows: weight greater than 300 pounds (or >60-inch waist), reported implanted ferromagnetic materials, claustrophobia, or other contraindications to fMRI. Participants who completed all assessments had a mean age of 70.5 years (SD = 4.42), reported mean of 15.5 (SD = 2.97) years of education, an average score of 28.8 (SD = 4.42) on the TICS-M, and were 48.6% female and 81.1% White. See Figure 1 for the CONSORT flowchart of participants.
Procedures
The University IRB approved all study procedures, and all participants provided written informed consent. This convenience sample of older adults was recruited using flyers posted throughout the community and letters sent using a purchased mailing list. First, interested potential participants completed a telephone screening to determine eligibility criteria regarding age, self-reported medical conditions, standard self-reported fMRI safety questions, and TICS-M performance (see Participants). Those who were eligible then completed an in-lab screening to determine additional eligibility criteria of visual acuity, fMRI safety criteria, and ability to complete the scanner task with at least 65% accuracy (see Participants). If eligible, participants then stayed to complete the full in-person baseline behavioral assessment. Participants then returned on a separate visit for the baseline fMRI assessment. Certified testers administered all assessments throughout the study. After the baseline visits, participants were randomized using sealed envelopes to the UFOVt arm, a CSA arm that served as an active control or the NC (i.e., treatment as usual) arm. The UFOVt and CSA arms consisted of 10 hr of activities across 5 weeks and were conducted in groups of two participants in the lab. Two certified trainers and one back-up trainer oversaw both UFOVt and CSA. Standardized brief educational discussions (<5 min) were included in both groups, which focused on general issues related to healthy aging.
The UFOVt arm involved computerized adaptive training that increased in difficulty through both reductions in stimulus display duration and increases in task complexity. UFOVt is a lab-developed program that was used in the longitudinal Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE; Jobe et al., 2001 ; N = 2,802) randomized controlled trial. However, unlike the ACTIVE study that included 5 hr of nonadaptive and 5 hr of adaptive UFOVt, the present study included 10 hr of fully adaptive UFOVt because prior work has found this increases training effectiveness and transfer (Lampit, Valenzuela, & Gates, 2015; Lövdén et al., 2010) . UFOVt is modeled after the UFOV test and focuses on processing speed, divided attention, and selective attention. Certified trainers follow a standardized training protocol to change the display duration, move the peripheral target closer or further from the central target, as well as alter colors and luminance of the targets and distractors based on participant performance. The amount of time spent on each task differs between participants and depends on ongoing performance. In terms of the broader literature, Posit Science's Double Decision task was developed from the original lab-based UFOVt program used in the present study (also known as "speed of processing training"). The Double Decision task was included as part of Insight program (no longer available) and is now included as part of the Brain HQ programs. Please see Ball and colleagues (2007) for extensive details of the UFOVt training program.
The CSA involved complex and challenging paper-andpencil activities specifically selected to target higher level reasoning, recall, and executive functioning (Seagull & Seagull, 2005) . The CSA were standardized across participants in terms of the presentation of activities (e.g., sessions 1-10); however, participants could work at their own speed as they progressed through the activities. The CSA were chosen based on older adults' reported expectations for activities that maintain brain health (Friedman et al., 2011 (Friedman et al., , 2013 Kim et al., 2015) and the complexity of activities such as complex puzzles, brain teasers, and math problems (Tranter & Koutstaal, 2008) .
Participants assigned to the NC group completed all baseline and post-test assessments but were not provided with training.
Within 3 weeks of training completion, participants returned to complete one behavioral post-test assessment and one fMRI post-test session. Importantly, post-test assessors were blinded to the study arm randomization of the participant, and participants in the UFOVt and CSA arms were blinded to the hypotheses of the study. See Figure 1 for the CONSORT flowchart of participants. Table 1 presents sample information and demographics for participants included in the analyses across the arms separated by analysis type (task-based functional and resting-state connectivity).
Measures

Useful Field of View
The UFOV test assessed cognitive processing speed, divided attention, and selective attention. There are four subtests that range in presentation duration between 17 and 500 ms with higher scores indicating worse (i.e., slower) performance (see Edwards et al., 2005) . UFOV1 assessed processing speed through identification of a central target (presentation of a 2 cm × 1.5 cm car or truck in a 3 cm × 3 cm fixation box). UFOV2 assessed divided attention with the addition of a peripheral localization task (2 cm × 1.5 cm car) presented in one of eight potential radial locations in addition to the same central identification target from UFOV1. UFOV3 assessed selective attention by adding visual distractors to the UFOV2. UFOV4 assessed selective attention with discrimination by changing the central target, such that participants must identify if the central targets were the same or different, while also including the peripheral target (UFOV2) plus the distractors (UFOV3). The sum of the four UFOV subtests was computed for baseline and post-test and served as a confirmation that UFOVt was successful and in line with prior UFOVt studies (Ball et al., 2007; Edwards et al., 2018; Lin et al., 2016; O'Brien et al., 2013) .
Functional MRI Useful Field of View Imaging Task2
The fMRI task was modeled after UFOV2, as this task is independently predictive of future everyday functioning (Ball et al., 2006) and was also most adaptive for use in the MRI during pilot testing and development. fUFOV2 was designed to be easy to allow for high accuracy within the scanner environment. The task followed an event-related design (Rosen, Buckner, & Dale, 1998) and directed participants to focus on a central cross that was then followed by the stimulus for 450 ms. The stimulus included a central target (identification of a car or truck) and a peripheral Note: UFOV = Useful Field of View test. ANOVA and chi-square analyses revealed no group differences at baseline.
localization target (a car presented in one of eight locations at 5 degrees eccentricity). The stimulus was followed by a white noise field for 500 ms and then two probe questions. The first probe presented a car or truck and asked participants if this was the same or different than the central target in the stimulus. The second probe presented a peripheral car and asked participants if the presented target was in the same (50%) or a different (50%) location as the peripheral stimulus. Participants had 4 s to answer each probe with a scanner-compatible button-box (see Figure 2a for general task design). Correct responses on both the central and peripheral task were needed for the trial to be considered accurate (percent correct). Stimulus display duration was consistent across trials as required for the fMRI, and 180 trials were conducted per participant per visit. A larger sample of pilot participants were screened during the development of the task (n = 129) and performed both the UFOV2 and the fUFOV2 in the lab. Correlation of scores on both these tasks revealed a moderate relationship (r = .56, p < .001), suggesting that the two tasks are similar.
Data Analyses
Demographic and behavioral analyses First, baseline differences in age, education, sex, race, or UFOV test performance between the study arms were assessed with chi-square and analysis of variance (ANOVA) tests. A repeated-measures ANOVA was used to assess if the UFOV test, a measure frequently used to quantify UFOVt efficacy (Ball et al., 2007; Lin et al., 2016; O'Brien et al., 2013) , significantly changed with UFOVt. Significance was set at p < .05 for all tests. Then, Cohen's d scores were calculated for significant training effects as change in the outcome/pooled SD.
Functional MRI analyses
We first identified regions associated with stimulus-driven fUFOV2 task performance across baseline and post-test in all participants. We then extracted ROIs based on the locations of the strongest peak values. Given our a priori hypotheses, analyses examining within-group and betweengroup effects (UFOVt vs. CSA; CSA vs. NC; and UFOVt vs. CSA) within these ROIs were conducted using one-tailed t tests (p < .05) across the task-based and resting-state functional connectivity analyses. The fMRI image acquisition and processing details, ROI selection, and details regarding both task-based functional and resting-state connectivity analyses are found in Supplemental Materials for fMRI Data Analyses. Similar to the behavioral analyses, Cohen's d effect sizes were calculated for any significant training effects.
Results
Demographic and Behavioral Results
ANOVA and chi-square analyses revealed that training and control groups did not differ on demographics or baseline UFOV (see Table 1 ). As indicated above, this study used two sets of fMRI analyses (task-based and resting-state) to assess the study hypotheses. It is typical in fMRI experiments to lose some data due to participant movement (see Figure 1 and Supplemental Materials for fMRI Data Analyses). Participant movement during the task-based and/or restingstate portion of the scan resulted in a slight variation in samples (n = 6) across task-based and resting-state connectivity analyses. ANOVA and chi-square analyses revealed no baseline differences between the six participants who were unique between the two analyses compared with the remaining 31 participants common across the two sets of analyses on age, Figure 2b shows a whole-brain map indicating where there were strong responses to fUFOV2 trials. Figure 2c is an example of the hemodynamic response data in a representative ROI. Eight ROIs were defined based on the peak values of this map (Figure 2b and Supplemental Figure 1) , namely, anterior cingulate cortex (ACC), anterior insula (AI), dorsolateral prefrontal cortex (DLPFC), inferior parietal lobe (IPL), supplemental motor area (SMA), thalamus, temporoparietal junction (TPJ), and visual cortex (VC). Because we had specific directional hypotheses of reduced activity following training (Lustig et al., 2009; O'Brien et al., 2013) , one-tailed paired t tests (p < .05) were conducted to examine within-group differences from baseline to post-test within the eight ROIs. The UFOVt group showed reduced activity at post-test in all ROIs, ACC: t (12 Figure 3a ). The CSA group showed reduced activity at post-test in AI, t(10) = 2.98, p = .007, Cohen's d = 0.72, and the NC group showed no activation differences between testing sessions (see Figure 3b and c) . Then, between-group analyses were conducted using t tests. Compared to the NC group, UFOVt resulted in significant reductions in activity in both AI, t(21) = 2.13, p = .023, Cohen's d = 0.87, and SMA, t(21) = 2.10, p = .024, Cohen's d = 0.70 (see Figure 3d) . No other between-group differences were observed.
Functional MRI Task Activation Results
Resting-State Functional MRI Results
The effects of training on average network connectivity were examined within each group using one-tailed paired t tests given our a priori directional hypotheses that UFOVt connectivity would increase. Results revealed an expected significant and large increase in connectivity from baseline to post-test in the UFOVt group, t(12) = −2.73, p = .009, Cohen's d = 0.92, and no significant increase in the either the CSA or NC groups (see Figure 4a) . When comparing training-related changes between groups, results showed that UFOVt resulted in significantly greater network connectivity compared with either control group, NC: Last, to investigate which of the 28 possible network connections were significantly strengthened (i.e., increased connectivity) following UFOVt, we conducted paired onetailed t tests of baseline versus post-test connectivity for each network connection within the UFOVt group. We corrected for multiple comparisons by controlling the false discovery rate (FDR; alpha = 0.05) using the procedure by Benjamini and Hochberg (1995) . After FDR correction, there were four network connections showing significant strengthening in the UFOVt group: AI and ACC (t(12) = 3.36, uncorrected p = .003, corrected p = .021), AI and VC (t(12) = 3.35, uncorrected p = .003, corrected p = .021), AI and SMA (t(12) = 3.73, uncorrected p = .001, corrected p = .021), and DLPFC and SMA (t(12) = 3.33, uncorrected p = .003, corrected p = .021). These results are summarized in Figure 4c .
Discussion
UFOVt has repeatedly demonstrated transfer to real-world outcomes across 3-10 years Ross et al., 2016 Ross et al., , 2017 Wolinsky et al., 2009 Wolinsky et al., , 2015 . Despite the evidence of transfer, little is known about the neural mechanisms underlying UFOVt in older adults. This pilot study examined the effects of UFOVt on neural activity and connectivity of a set of brain regions that were involved in performing a task similar to the training paradigm. As predicted, UFOVt resulted in improved UFOV performance compared with both the NC and the CSA groups, a finding that is comparable to the UFOVt behavioral changes reported in the literature (Ball et al., 2007; Edwards et al., 2018) . Importantly, our hypotheses regarding neural activity and connectivity changes in the UFOVt group were supported, as our results showed both reduced task-based neural activity (Figure 3a and d) and increased resting-state functional connectivity in several brain areas involved in task performance compared with the CSA and NC groups (Figure 4) . Also, as hypothesized, the NC group demonstrated little change in either activity (Figure 3b and d) or connectivity (Figure 4a and b) . However, our hypotheses regarding the CSA group were only partially supported. As expected, the CSA group did demonstrate some reduced task-based activity in the within-group analyses, although not to the same extent as the UFOVt (Figure 3c and d) . However, there were no significant differences in patterns of activity or connectivity between the CSA and NC groups.
Together with previous work (Burge et al., 2013; Lin et al., 2016; O'Brien et al., 2013) , these results indicate that UFOVt enhances connections needed for the allocation of attention and cognitive control during fUFOV2 task performance, thus decreasing the cognitive effort required to process stimuli. There was a trend for the majority of the ROIs to show decreases in activation after UFOVt (Figure 3a) , which is consistent with prior training literature (Lustig et al., 2009 ). However, when comparing the trained and control groups, the strongest decreases were found in the AI and SMA regions (Figure 3d ), which are generally found to be involved in effortful tasks and executive function/cognitive control. Although the specific role of the AI is debated, it has been consistently identified as part of a network-mediating general executive processes, and more specifically, in task-level control and focal attention (Nelson et al., 2010) , as well as goal maintenance (Dosenbach et al., 2008) .
The SMA is part of a dorsal frontoparietal network of regions supporting voluntary and stimulus-driven attentional shifts to spatial and nonspatial targets (Chung, Han, Jeong, & Jack, 2005; Stoppel et al., 2013) and has been identified as being important to a variety of different experimental paradigms, including those with motor control, spatial memory, and working memory demands. The SMA is very near to the dorsal aspect of the ACC, making the borders distinguishing the two regions unclear. In line with our results, a number of studies find both increased AI and ACC/SMA activity during effortful task performance, as well as decreased activity in these same regions following practice or training (Chein & Schneider, 2005; Erickson et al., 2007a; Weissman, Woldorff, Hazlett, & Mangun, 2002) , indicating that AI and ACC/SMA probably play a role in the efficient allocation of executive control and monitoring of resources necessary to manage task demands. In addition, the training group showed trainingrelated reduced activity in DLPFC, a region shown to support a host of executive functions. This result is in line with a study by Erickson and colleagues (2007b) , which also found that older adults exhibited training-related reductions in DLPFC indicating a more efficient use of prefrontal support to engage in task coordination. Thus, given the prior work and functional roles of these regions, the current findings suggest that UFOVt results in a need for fewer executive resources to perform the task.
Resting-state functional connectivity results further contribute to this interpretation. Following UFOVt, functional connections among brain regions within the cognitive control network (Dosenbach et al., 2008) were strengthened, suggesting that neural systems of trained individuals became tuned to more efficiently utilize neural resources. A growing number of studies report increased functional connectivity between the cingulo-opercular and frontoparietal cognitive control regions (e.g., AI, ACC/SMA, and DLPFC) with learning/practice or following training (Martínez et al., 2013; Mohr et al., 2016) . Taken together, these results indicate that more efficient utilization of neural resources may arise through increased connectivity of cognitive control regions. Moreover, we also propose that increased connection strength at all times, including during rest, may be one possible neural mechanism through which UFOVt achieves transfer to maintained cognition and everyday functioning. Interestingly, our results also showed increased connectivity between AI and VC following UFOVt (see Figure 4c) . Prior work has demonstrated that top-down attention can modulate task-specific functional connectivity involving VC (Griffis, Elkhetali, Burge, Chen, & Visscher, 2015) , perhaps serving as a mechanism to prioritize processing of task-relevant information. Furthermore, there is preferential connectivity between AI and parts of the VC involved in the part of peripheral vision that is trained in UFOVt (about 5-10 degrees eccentricity; Griffis et al., 2017) . The current data demonstrate that UFOVt strengthened this known connection between AI and the VC, reducing neural resources needed to process the visual information used during the fUFOV2.
Further evidence of UFOVt resulting in reduced neural effort for task completion and improved resting-state functional connectivity is found in complementary work. Using EEG, O'Brien and colleagues (2013) demonstrated that N2pc and P3b ERP amplitudes increased after UFOVt, reflecting improved attention allocation and capacity. Along the same lines, using pupillometry in young adults, Burge and colleagues (2013) found that UFOVt improved the efficiency of effortful processing. Prior work also found that less than 5 hr of a functional field of view training, which shares some similar characteristics but differs from UFOVt, was associated with decreased activity in right inferior frontal gyrus, a region close to the current AI ROI (Scalf et al., 2007) . Similarly, 5 hr of single-and dual-task training in younger adults resulted in decreased activation in brain regions involved with executive control (Erickson et al., 2007a) . Together with these previous findings, the present study suggests that UFOVt results in a reduced reliance on, or effort required by, regions involved in attention, which are needed to complete the fUFOV2.
The concept of changes in efficiency with aging and with training has been the target of a great deal of inquiry. For example, several studies and reviews have suggested that neural efficiency decreases with aging (reviewed in Lustig et al., 2009) . Efficiency is often measured as a decrease in neural activity associated with a particular task; however, this operationalization has been criticized as too simplistic, as potential mechanisms for activation decreases are rarely provided (Poldrack, 2015) . The present study provides an indication of which resources may be more efficiently used after UFOVt and implies that increased connectivity may be one possible mechanism through which efficiency is improved. Importantly, we are not implying that increased connections equate to decreased cognitive effort; we suggest instead that enhanced connectivity could lead to a decreased need for cognitive effort to perform the task at a given level.
We did not explicitly query the participants about the cognitive effort they put forward to perform this task. That said, regardless of how it is measured, training such as UFOVt, has typically been shown to decrease the mental effort and reliance on brain regions required for a task (Bays, Visscher, Le Dantec, & Seitz, 2015; Lustig et al., 2009; Shenhav et al., 2017) . Consistent with this, we observed improvements in performance and decreases in neural activations following training, which is consistent with a decrease in cognitive effort and increase in efficiency. Further work is needed to strengthen this point, for example, by explicitly measuring perceptions of effort.
Reductions in activity were generally most pronounced when the UFOVt was compared with the NC group rather than the CSA group. Given the sample size and the lack of prior work using CSA, the interpretation of the CSA data must be done cautiously. Although CSA did not result in behavioral UFOV improvements, there were some neural changes associated with the CSA, indicating that CSA may provide an incremental influence that is more than the NC group but less than the UFOVt (see Figure 3) . For example, changes in AI are similar between baseline and post-test for UFOVt and CSA conditions suggesting that some of the improvements in neural efficiency may be shared among the UFOVt and CSA conditions. Interestingly, the AI has been shown to be involved in a broad range of effortful tasks (Nelson et al., 2010) , indicating that this region might be influenced by training to perform a variety of different processes. At the same time, while interpreting the significant CSA effects, it is important to keep in mind that CSA (a) did not result in behavioral UFOV improvements, (b) importantly, did not significantly differ from the NC group in task-based activation changes, and (c) resulted in no significant increase in connectivity. In terms of the broader cognitive training literature, the CSA involved very challenging and complex activities, which should not be confused with simpler leisure activities such as crossword puzzles or reading. In terms of participant expectation, which is frequently cited as a possible mechanism of training transfer, it is important to note that older adults and physicians frequently advocate that simple cognitive activities (e.g., crosswords, puzzles, and reading) are protective of cognition (Friedman et al., 2011 (Friedman et al., , 2013 Kim et al., 2015) . However, the definition of cognitive stimulation in research differs between studies, such as the very complex and challenging activities used in the present study's CSA group compared with much simpler activities such as reading, basic puzzles, and crosswords (see Friedman et al., 2015 for a review). Given the small sample size of the present study, further work is needed to examine how scientifically designed cognitive training programs, such as UFOVt, differ from complex CSA, from simple leisure activities (such as crosswords), and from treatment as usual conditions, are more reflective of daily life (e.g., NC).
A strength of the present study is the use of 10 hr of adaptive UFOVt, an evidence-based intervention that has been standardized and widely researched (see Edwards et al., 2018 for a recent review). In addition, the present study included both an NC (considered "treatment as usual") and a demanding active control. The main limitation of this study is the small sample size that reduced the statistical power of the study and may limit its generalizability. Future work should investigate both behavioral and neural mechanisms of UFOVt in large representative samples that include everyday far transfer measures (e.g., driving, Instrumental Activities of Daily Living), biomarkers (e.g., brain-derived neurotrophic factor), and other markers of neuroplasticity. Inclusion of such measures will allow us to assess whether UFOVt mechanisms differ as a function of the outcome or combinations of factors. In addition, future work should examine the potential behavioral correlates or moderators, such as baseline cognitive functioning and participant beliefs and expectations, which may inform future training program designs and identification of individuals in need of early intervention.
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